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LOW PROFILE HIGH CURRENT MULTIPLE GAP INDUCTOR ASSEMBLY 
BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0001] The present invention relates to electrical inductors and transformers. More 
particularly the present invention relates to a low profile, high current inductor or transformer 
1 0 fiddT 18 * em)magnetiC C ° re SttUCtUre muW P le to reduce stray electromagnetic 

Introduction to the Invention 
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[0002] High current, low profile inductors and transformers are widely used in diverse 
applications in the fields of telecommunications, power conversion, and digital data circuits 
Such electrical components most frequently employ ferromagnetic cores and shields 
Ferromagnetic materials such as iron powder, and ferrimagnetic materials such as ferrites 
(also referred to hereinafter as "ferromagnetics"), have a characteristic temperature below and 
above which their electromagnetic properties differ greatly. This temperature is known as the 
Curie temperature. Above the Curie temperature, these materials behave as paramagnetic 
materials. Below the Curie temperature, these materials exhibit well-known hysteresis B 
versus H curves. When used as core structures for inductors and transformers, it is essential 
to keep these materials below the Curie temperature and also to prevent core saturation. One 
known way to inhibit core saturation of these materials is to provide a gap in a magnetic core 



structure. 



[0003] As circuit layouts continue to become smaller and smaller, a hitherto unsolved 
need has arisen to minimize stray electromagnetic fields associated with inductors and 
transformers having conductors carrying high currents and earned in two-piece ferromagnetic 
cores having a gap to prevent core saturation. While magnetic core structures have often been 
used in high current environments and applications, prior approaches to reduce size and 
unwanted radiated emissions while carrying ever increasing levels of current have proven to 
result in structures that were either too bulky in size, too hot in operation, or just too 
hazardous to use in a particular application or environment 

[0004] In a typical electromagnetic device 1 1 of the prior art as shown in Figure 1 , a 
single discrete air gap 10 is defined in a two-piece ferromagnetic core structure 12. The gap 
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10 enables the core structure 12 to handle large amounts of electrical current without 
saturating. As noted above, once a magnetic core structure saturates, it ceases to operate with 
its desired inductive capabilities. In practical situations core saturation can result in anything 
from a simple overload condition to thermal runaway and even catastrophic failure. Although 
the air gap 10 can usually prevent the magnetic core from saturating, it has an adverse effect 
on any nearby conductors. A magnetic field (denoted by reference numeral 13) at the air gap 
10 effectively reduces the current carrying capability of a conductor 14 because of the well 
known "proximity effect". The proximity effect is present when conductors are exposed to 
strong magnetic fields and exhibit larger than expected resistance to current flow. Increased 
conductor resistance results in generation of higher levels of heat and can lead directly to 
thermal runaway and catastrophic failure of the electromagnetic device and/or circuit or 
appliance including the device. 

[0005] Examples of gapped core electrical inductors/transformers of the prior art are 
provided by U.S. Patent No. 4,424,504 to Mitsui et aL, entitled: "Ferrite Core"; and U.S. 
Patent No. 4,760,366 to Mitsui, entitled: "Ferrite Core". 

BRIEF SUMMARY OF THE INVENTION 

[0006] A general object of the present invention is to provide an inductor assembly 
having a two-piece, two gap, ferromagnetic core overcoming limitations and drawbacks of the 
prior art 

[0007] Another object of the present invention is to provide a method for manufacturing 
an inductor assembly including a two-piece, two gap, ferromagnetic core in a manner 
overcoming limitations and drawbacks of the prior art 

[0008] In accordance with principles of the present invention, an inductor assembly 
includes a coil or coils of insulated conductor material defining an inside volume, an inner 
core of magnetic core material located within the inside volume, and an outer core of 
magnetic core material including structure overlying the coil and inner core and having 
opposite inner walls facing polar ends of the coil and core, such that at least two magnetic 
gaps exist between ends of the inner core and the opposite inner walls of the outer core. 
Adhesive secures the inner core in position within the inside volume of the coil, and potting 
material encapsulates the inner core and coil relative to the outer core in order to maintain the 
two magnetic gaps. The magnetic core material of the inner core and the outer core is most 
preferably selected from a group including MnZn, NiZn, MPP (molybdenum permalloy 
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powder), metal alloy powder cores sold under the trademark Kool Mu™ (approximately 85% 
iron, 6% aluminum, and 9% silicon), nickel-iron powders such as Hi-Flux (approximately 
50% nickel-50% iron) and sendust (approximately 80% nickel - 20% iron), amorphous 
alloys, iron, and iron powder. In order to achieve a low profile, the coil and the inner core are 
5 provided with a flattened shape, and the outer core has a flattened, rectangular box shape. 

[0009] As one aspect of the present invention, terminal ends of the coil of insulated 
conductor material have outwardly exposed flat contact surfaces to facilitate surface 
mounting of the inductor assembly to a printed circuit board or circuit substrate. To prevent 
1 0 unwanted oxidation of the contact surfaces prior to surface mounting, the exposed flat contact 
surfaces are preferably tinned or coated with a lead-free antioxidant material. 

[0010] As another aspect of the present invention, at least one end of the inner core is 
provided with a recess defined to control inductive characteristic rolloff of the assembly as 
1 5 the inner core approaches core saturation in a use environment 

[001 1] The present invention also provides a method for constructing an inductor 
assembly comprising steps of: 

20 forming a coil of insulated conductor material to define an inside volume, 

forming an inner core from magnetic core material having a size and geometry 
adapted to be located within the inside volume, 

25 securing the inner core within the inside volume with an adhesive to form a 

subassembly, 

forming an outer core of magnetic core material to provide a structure overlying the 
coil and inner core and opposite inner walls facing polar ends of the coil and core, and 

30 

locating and securing the subassembly in the outer core between the opposite inner 
walls such that at least two magnetic gaps exist between ends of the inner core and the 
opposite inner walls of the outer core. 

3 5 [0012] This aspect of the present invention preferably includes a further step of preparing 
terminal ends of the coil for direct surface mount connection to a printed circuit board or 
circuit substrate. 
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[0013] These and other objects, advantages, aspects and features of the present invention 
will be more fully understood and appreciated upon consideration of the detailed description 
of preferred embodiments presented in conjunction with the following drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] The invention is illustrated by the drawings in which Figure 1 is an enlarged 
sectional view of an inductor having a two-piece ferromagnetic core structure and a single 
gap in accordance with the prior art 

[0015] Figure 2 is an enlarged isometric assembly view of a low profile, high current 
inductor or transformer including a ferromagnetic core structure having multiple gaps to 
reduce stray electromagnetic fields in accordance with principles of the present invention. 

[0016] Figure 3 is an enlarged x-ray view in elevation of a completed assembly of the 
Figure 2 components. 

[0017] Figure 4 is an enlarged isometric bottom view of the Figure 3 completed assembly, 
showing flats formed on conductors to facilitate automated pick and place surface mounting 
and bonding of the assembly to a circuit board. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The present invention provides a new method for handling large air gaps. 
Namely, by providing and using multiple air gaps along the magnetic path, the magnetic field 
that exists in the air gap is easily reduced by a factor of four. This reduction in the magnetic 
field will decrease the proximity effect resulting in decreased effective resistance of the wire 
comprising the inductor or transformer winding. Current flowing through conductors 
manifesting reduced effective electrical resistance results in the generation of less heat and a 
smaller radiated electromagnetic field. Since the radiated field is smaller, so are resultant 
radiated emissions, especially in the preferred embodiment shown in Figure 2. Utilizing this 
new technique, a smaller inductor/transformer structure can be realized for a given amount of 
energy storage, with lower effective resistance, less heat generation, and lower radiated 
emissions. 
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[0019] As shown in Figure 2, an inductor/transformer assembly 20 includes a two piece 
structure comprising an outer box-like structure 15 (hereinafter referred to as "the outer core") 
and an inner rod-like structure 1 6 (hereinafter referred to as "the inner core"). The outer core 
15 and the inner core 16 are both primarily composed of a suitable ferromagnetic material 
such as but not limited to MnZn, NiZn, MPP, or iron powder. The outer core 15 and the 
inner core 16 may be formed by any known process including but not limited to compression 
molding or sintering of powdered core material. The other element of assembly 20 is a 
conductor structure 17 comprising at least one-half turn around the inner core 16. 



[0020] The inner core 16 can be reduced in length along a longitudinal axis relative to an 
inside dimension between facing inner walls 21 of the outer core 15 to leave a desired gap 
length 1 8 as required to prevent the core from saturating. This dimensioning of the length of 
the inner core 16 is typically accomplished through the use of conventional surface grinding, 
cutting, or other abrading techniques suitable for the magnetic material being used in the 
1 5 inner core 1 6. This process is often referred to as "gapping" the core. 

[0021] Additionally, the inner core 16 may be provided with a recess 23 at one or both 
ends thereof. A primary function of the recess 23 is to adjust the saturation characteristic of a 
particular inductor assembly by control of relative shape of the recess. If the recess 23 were 
20 not provided, the inductive characteristics would roll off at a much faster rate as the inner 
core 16 approaches saturation. However, by providing the recess 23, a more gentle rolloff 
will begin sooner as the inner core 16 approaches saturation. By controlling the size and 
geometry of the recess 23, a desired rolloff characteristic can be provided for a particular 
inductor/transformer assembly. 

25 

[0022] Once the inner core 16 is gapped to the desired length, a coil of an insulated 
conductor can either be wound directly on the inner core or a pre-wound coil 17, shown in 
Figure 2, can be inserted over the inner core 16. In the Figure 2 example two interleaved 
coils are preformed on a mandrel or other fixture, and the resultant inductor assembly 20 

30 comprises e.g., a bifilar- wound transformer. In accordance with principles of the present 

invention, the inner core 16 is centered upon the wound coil 17 along a common longitudinal 
axis as shown in Figure 3. When so centered, two magnetic gaps 18 are defined at each end 
of the inner core 16. Preferably, the inner core 16 is placed into the preformed coil 17 with a 
positive stop being provided by a manufacturing fixture that extends partially into the interior 

35 space defined by the coil 17. The depth of the manufacturing fixture establishes the length of 
each gap 18. The inner core 16 is then secured to the coil 17 by a quick setting adhesive, or is 
held in place mechanically by compressive spring effect and friction of the coil 17 against the 
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inner core 16. The entire assembly 20 is later completed by positioning a subassembly of the 
coil 17 and the inner core 16 into a cavity defined by the outer core 15 and injecting or 
pouring a dielectric potting material (typically an epoxy or silicone-based material) into the 
cavity to secure the coil-inner core subassembly in a desired position relative to the outer core 
5 1 5 thereby defining the two magnetic core gaps 1 8 as shown in Figure 3. 

[0023] If the first and last turns of the coil 17 are wound as shown in Figure 2 to extend 
slightly radially outwardly of the interior turns of the coil 17, an expedient lead-free, surface 
mount connection treatment 19 can be realized utilizing well known abrading, cutting, 
1 0 lapping, and/or grinding techniques to remove the dielectric coating from the wire ends 22, as 
shown in Figure 4. The bare exposed conductor of wire ends 22 can then be tinned or coated 
with a non-lead-containing antioxidant material to prevent oxidation, keeping it ready for 
surface mount soldering into an electrical device or circuit board at a later date. 

1 5 [0024] Obvious modifications of this invention include but are not limited to the 

conductor size, number of turns on the conductor, wire type, magnetic material of either the 
inner or outer core, and the use of a base to accommodate different printed circuit board 
(PCB) footprints, for example. Also, while Figure 2 illustrates a single-layer coil 17 of 
relatively large diameter wire, a multi-layer coil of smaller diameter wire could readily be 

20 used. Further, while the surface-mount preparation of conductor ends as shown in Figure 4 
may be employed with larger diameter conductor wires, other means can be employed to 
attach the inductor/transformer assembly to a printed circuit board, including providing a 
dielectric plastic base with metal terminals to which smaller diameter wires of the coil will be 
welded, crimped, or soldered to the terminals. Also, the approach disclosed in the commonly 

25 assigned, copending patent application, Application No. , entitled: "Self-Leaded 

Surface Mount Component Holder" (Docket No. CV002-US1, filed on the same date as the 
present application) may be used to facilitate surface mounting of an inductor/transformer of 
the present invention. The disclosure of that application is hereby incorporated in its entirety 
herein by reference. 

30 

[0025] Having thus described preferred embodiments of the invention, it will now be 
appreciated that the objects of the invention have been fully achieved, and it will be 
understood by those skilled in the art that many changes in construction and widely differing 
embodiments and applications of the invention will suggest themselves without departing 
3 5 from the spirit and scope of the invention. Therefore, the disclosures and descriptions herein 
are purely illustrative and are not intended to be in any sense limiting. 



